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Abstract 
A common trait within many marine invertebrates is the ability to produce larvae of different 
fitness depending on environmental conditions. In unfavourable conditions, fewer but stronger 
larvae are produced than under favourable conditions. This project examines whether this trait 
applies to Capitella teleta, and what implication it has for the settling times of C. teleta larvae. C. 
teleta is a common test organism, and experiments have been carried out examining, among 
other things, larval settling preferences, adult fitness and response of adults to varying salinity, 
organic content and the presence of organic contaminants. However, very few experiments 
examine the time taken for larvae to settle.  
In the initial experimental design, which had to be abandoned, sediment was enriched with 
organic matter, which caused worms to die. This seemed to be due to bacterial blooms in the 
sediment, resulting in anoxic conditions.  
The revised experiment examined the effect of higher parent density on larval settling times. 
Experimental groups were control (~1800 m-2, 2.8% TOM) and triple density (~5400 m-2, 2.8% 
TOM). Worms produced much fewer brooding tubes than expected, only three tubes in total 
within one month. Due to this, coupled with time shortage, results were not conclusive. 
However, the control group appeared to produce more larvae per brooding tube than the triple 
density group, and the larvae settled faster than larvae from the high density replicates. Larvae 
appeared to prefer the richer sediment, but this preference was less obvious than expected. 
These observations provide some, albeit minor, evidence that fitter larvae can delay 
metamorphosis for longer time. 
This report also discusses unpublished results from a previous experiment by Annemette 
Palmqvist. This settling preference experiment on C. teleta examined the effects of two organic 
contaminants (acetyl cedrene, AC and fluoranthene, Flu) and organic content. Results showed 
that uncontaminated sediment was preferred to contaminated for both contaminants. However, 
larval preferences were for high organic content in the AC experiment, but for low organic 
content in the Flu experiment. This last result is highly surprising and warrants further 
experiments, to see if these results can be repeated. 
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Preface and reader’s notes 
This experimental project examines settling times of Capitella teleta larvae. The report is split 
into two parts. 
 
The first part is a theoretical part, giving relevant background knowledge about C. teleta, its 
biology, and its relevance as a research organism. The second part describes the three different 
experimental designs. The first two experiments examine settling times of larvae as a function of 
parental conditions. The third examines larval preferences as a function of sediment organic 
content and contamination with two organic contaminants, acetyl cedrene and fluoranthene. 
Each experimental section includes a description of the experiment, the results, and a 
discussion of the results. 
 
We owe a big and loving thank you to Annemette Palmqvist, whose unwavering support, 
kindness and optimism encouraged us to keep going through the times when all seemed lost. 
Thank you for your patience, your time and all your help throughout the project. 
 
We would also like to thank Gitte Katrine Bøg and Anne-Grethe Winding for helping us around 
the lab with their expertise. 
 
Due to unexpected setbacks in carrying out the experiment, sufficient results were not shown 
within the time frame of this project. That is the reason for including the three essentially 
independent experimental parts. 
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Introduction  
Up until the 1930s our understanding was that larvae of benthic marine invertebrates 
metamorphose randomly, regardless of circumstances and environmental conditions.The larvae 
would survive provided the ocean currents carried them to a place with good-quality sediment, 
and by chance they metamorphosed at the same time into sediment bound juveniles. If the 
place was unsuitable for them as a habitat, they would likely die (Hadfield, 1977). 
 
Then, a growing interest in the field lead to experimental discoveries indicating levels of control 
and decision-making skills by the larvae as to which substrate they wished to settle into. 
Additionally, it was found that the larvae could delay their own metamorphosis, if no suitable 
substratum was yet detected,  and they could hold out until they found a substratum that 
provided them with better conditions (Hadfield, 1977). 
 
Thereafter, the factors determining the  preferred substrata of larvae for settling were 
investigated more thoroughly (Hadfield, 1977). Many cues, such as the position, texture, color 
and chemical factors of sediment, have been examined for a wide range of different species 
(Hadfield, 1977). A larva will postpone settling until more satisfactory cues are recognised 
(Hadfield, 1977). And with good reason, as the individual fitness and viability, and ultimately the 
distribution and abundance of a population of Capitella Teleta, are determined by the quality of 
the chosen settling site. They only get one chance to choose a site, as they become sediment 
bound after they metamorphose and must survive on their adjacent surroundings (Burgess et 
al., 2009). However, the cost of exploring and foraging for an optimal place to settle down is that 
the larvae run the risk of being predated upon as well as of not encountering a suitable habitat 
at all before depleting their energy stores (Burgess et al., 2009).  
 
Females of benthic invertebrates adapt their reproductive mechanisms to make the most of the 
broods they produce in the specific conditions of the habitat they are in. There are two main 
strategies to optimize offspring survival; she may produce relatively few, but fit larvae, or a 
higher number of less fit, smaller larvae, depending on the conditions of her habitat. In 
favourable habitats, offspring fitness is less important, so the energy is better invested in 
producing a high number of offspring. Under adverse conditions, when there is a high 
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population density and little organic matter present, females are likely to produce fewer, more 
robust offspring, which can better tolerate the unfavourable conditions (Marshall & Keogh, 
2008). 
 
Lecithotrophic1 larvae of C. teleta feed only on the energy reserve from the mother. This has two 
implications for C. teleta. Higher maternal investment can produce larvae which can delay 
settlement longer and/or larvae which metamorphose into bigger, more robust juveniles. Pernet 
et al. (2012) found evidence for both these strategies in C. teleta. 
 
Our research explores the effect of sediment organic content on time it takes for larvae to settle. 
How might differences in the diet of parent worms affect the settling behavior of larvae if they 
are provided with a sufficient supply of food? Equally, if food supply is scarce, how will it affect 
the ability of parent worms to reproduce, and in turn how will their offspring react in their settling 
behavior?  
 
We hypothesise that in a population with sub-optimal conditions, the female worms will allocate 
more resource to the individual larva, giving them more energy to spend on swimming and 
searching for an optimal site on the benthos. This concept is similar to that of people going out 
in search of a restaurant for dinner. If they have a sufficient energy stock already, they will not 
be terribly eager to settle down at the closest restaurant but will spend longer trying to find the 
ideal spot to wine and dine. Therefore this project is named “The Restaurant Hypothesis”. 
Methods 
An experiment was designed which examined how larval settling times were affected by either 
varying worm density or varying sediment organic content (i.e. nutritive value). Due to 
unfortunate practical problems in carrying out the experiment, this design had to be simplified, 
and the second design examined just the effect of varying density. This new design also 
experienced setbacks, however, and due to time constraints, the experiment had to be 
terminated before any clear evidence was found. We will present what evidence the experiment 
did provide, as well as speculations for the reason behind the suboptimal results.  
                                               
1
 Feeding only on the yolksac 
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Part 1 - Theory 
Capitella - An overview 
C. capitata 
Capitella capitata is a mud-dwelling polychaete which is minuscule in size and notorious for its 
opportunistic behavior. Originally thought to be a single species, it has since been found to be a 
complex of at least 12 sibling species (Blake et al., 2009). Their cosmopolitan distribution, their 
high population growth rate and their high tolerance for anoxic conditions make them a good 
pollution indicator, as well as an excellent experimental organism (Blake et al., 2009). Different 
species of Capitella have either direct development into juvenile worms, or they make planktonic 
larvae that are either lecithotrophic or planktotrophic2 (Mendéz et al., 2000). Such larvae can 
spend days, even weeks, swimming freely, and drifting with ocean current, in search of an 
optimal settling location. Thus, they can distribute themselves throughout great distances and 
quickly establish themselves in new habitats (Tsutsumi, 1987).  
 
C. teleta 
Capitella teleta, formerly known as Capitella Sp. I, is the most widespread and most 
opportunistic of the known species (Butman & Grassle, 1992). It has been kept in culture since 
its first identification by J. P. Grassle in 1974. Since then, numerous experiments have been 
made, examining a wide array of biological issues (Blake et al., 2009). C. teleta is to be 
regarded as a standard choice of experiment organism, although no standard guidelines exist 
on how to handle Capitella in the laboratory. Its motile larvae can metamorphose immediately or 
delay metamorphosis for as much as nine days (Pechenik & Cerulli, 1991), and adult individuals 
are highly tolerant of different types of unfavourable conditions (Bach et al., 2005; Pechenik et 
al, 2000; Tsutsumi, 1990). 
 
In the following sections, we describe Capitella teleta: Its life cycle, feeding habits and 
population dynamics as well as its biological significance.  
                                               
2
 Feeding on plankton from the water column. 
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Morphology 
Adults of Capitella teleta weigh around 3 to 12 mg (Grassle & Grassle, 1976) and can reach up 
to 20 to 40 mm in length (Linton & Taghon, 2000). While typically dioecious, males occasionally 
turn into hermaphrodites, generally when the population has many males compared to females 
(Grassle & Grassle, 1974). Males can be identified by the presence of genital spines between 
setigers eight and nine, see Figure 1. Hermaphrodites will have this as well as female 
reproduction organs in the abdominal setigers (Blake et al., 2009). There can be anywhere from 
0.3 to 33.3 percent of hermaphrodites in a population (Pertraitis, 1991). 
C. teleta feeds via “conveyor belt” feeding. Worms are positioned head down in the sediment, 
ingest sediment from below and defecate on the surface. Digestible organic contents are 
digested, and undigested parts are released as fecal pellets (Grassle & Grassle, 1974).  
 
 
Figure 1: Female (left) and male (right)  morphology of C. teleta, as well as methyl green staining pattern. 
The genital spines that make males discernable from females is located just below the arrow (B). Figure 
from Blake et al. (2009). 
 
Life cycle 
C. teleta spends the majority of its life cycle burrowed in the sediment.  
Once a motile larva has successfully metamorphosed into a juvenile worm, it will remain 
sediment-bound for the remainder of its life (Butman et al., 1992). 
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Mating takes place inside mucous-lined burrows produced by the female (Pertraitis, 1991). 
Females will produce a brood tube with between 30 and 400 eggs, each of which measures 
around 260 by 180 µm (Grassle & Grassle, 1976). The mothers create and ventilate an extra 
tube extending out of her original burrow, giving the burrow a “Y” shape. The mother will then 
care for the eggs in this mucous-lined tube and leaves once the eggs have hatched (Pertraitis, 
1991). 
 
Hermaphrodites and females are both iteroparous, reproducing multiple times in their life cycle. 
The planktonic-developing worms can last from several hours to days, through the transition of 
a free-swimming larval stage (Méndez et al., 2000), see figure 2. During metamorphosis, the 
larvae settle into the benthos and become juvenile worms. 
 
Figure 2: Metatrochophore
3
 larva of Capitella teleta. From Grassle & Grassle (1976) 
 
C. teleta larvae can settle and metamorphose immediately after hatching when presented with a 
suitable habitat. When conditions are less favourable, settling may be delayed for up to 216 h 
without any apparent effect on later overall fitness of the resulting worms (Pechenik & Cerulli, 
1991). 
Habitat 
Capitella teleta is best described as a cosmopolitan organism. It thrives in organic-rich 
sediment, such as at oil spills or near fish farms (Tsutsumi, 1987). Following disturbances, 
pollution or chemical spills, the worms are quick to take over, bringing the organic content down 
to ambient levels before the establishment of later colonists (Linton & Taghon, 2000).  
                                               
3
 A trochophore larva that has developed enough to contain segments. 
3  
3(Trochophore: small, translucent, free-swimming, ciliated larva characteristic of marine 
annelids and most groups of mollusks) 
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Populations of Capitella spp. are distributed in shallow-water habitats along the U.S. and have 
been found in parts of Europe and Japan. The geographical origin is currently unknown, but its 
opportunistic behaviour suggests it was probably transported via ballast water systems and 
thrived in its new environment (Blake et al., 2009). 
 
Compared to most other animals, Capitella have a high tolerance for a wide range of benthic 
conditions, including low temperatures, varying salinity and low oxygen content. They appear to 
have a high tolerance for cold environments and can even continue to reproduce at 
temperatures as extreme as -2° (Smithsonian Marine Station, 2008). They can survive salinities 
ranging from 41.5 ppt to as low as 10 ‰ (Pechenik et al., 2000). Although oxygen deficiency is 
occasionally problematic, they manage to endure sediment with low oxygen content (hypoxia) 
and the presence of hydrogen sulphide, which is often avoided by most other benthic fauna 
(Tsutsumi, 1990). It has been shown, however, that C. teleta growth rates and feeding activity 
significantly decreases when oxygen content goes below a certain threshold, beyond which they 
must rely on anaerobic metabolism (Smithsonian Marine Station, 2008).  
 
C. teleta is also highly tolerant of contamination with hydrophobic contaminants, such as 
polycyclic aromatic hydrocarbons (PAHs; eg. fluoranthene). Because PAHs are hydrophobic, 
they can accumulate in membranes, which can disrupt membrane functions. C. teleta is efficient 
at metabolising PAHs, increasing their water solubility so they can be excreted (Bach et al., 
2005). Once metabolised, contaminants become genotoxic (i.e. carcinogenic and mutagenic), 
but C. teleta seems able to repair these DNA damages (Palmqvist et al., 2003). 
Population dynamics 
C. teleta is the most opportunistic of the known Capitella species, and the fastest to recover 
from disturbance. It experiences “boom-bust” population dynamics (Grassle & Grassle, 1974), 
where populations increase quite quickly and either collapse or fluctuate. Strong fluctuations 
may occur even under constant conditions (Grémare et al., 1989). 
 
C. teleta experience rapid individual growth (>20% d–1) with a short generation time (37 to 50 d 
at 15°C) and many broods per year (Linton & Taghon, 2000). The population density can 
harbour hundreds to thousands of individuals per square meter, and on conditions of polluted, 
organic rich environments, the density can exceed 250.000 individuals (Sanders et al., 1980).  
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Ecological role 
Capitella spp. play an important part in the succession of the benthic community. When an area 
is opened by disturbance, such as pollution, which leaves the sediment rich in organic content, 
opportunists like Capitella spp. quickly colonises the area. Opportunists are characterised by 
producing many broods per year, which grow rapidly and often experience over-population. As 
the pioneer species experiences overpopulation and the site begins to recover, the opportunist 
community rapidly declines, making way for “equilibrium species”. Equilibrium species show 
characteristics contrary to that of pioneer, with fewer broods per year, slower individual growth 
and a stable population size (Linton & Taghon, 2000).  
 
The decline of opportunists such as Capitella spp. appears to be due to decrease in fitness as a 
consequence of diminishing organic content in sediment, which leaves them without an 
adequate food supply. In previous research, fluctuations in organic content is acknowledged as 
the leading cause of benthic faunal population change (Grémare et al., 1989). 
 
It has been noted that growth and feeding rate, as well as reproductive output, of C. teleta is 
highly dependent on protein concentration. In an experiment by Linton and Taghon (2000), 
feeding rates continuously increased with increasing protein concentration between 0.2 and 4.7 
mg g-1. Feeding rate then became constant as concentrations reached its maximum of 8.1 mg g-
1. Individual growth rate reached its plateau at around 23% d
-1
 in sediments with 4.6 mg protein 
g
-1, and there was a decrease in fecundity and longer generation time at low protein levels. 
Tsutsumi et al. (1990) found that very few individuals of C. teleta reach reproductive size at 
protein concentrations below 3 mg g
-1
. This supports the dying out of Capitella populations 
during succession; food concentrations cannot support reproduction and fitness has reached its 
minimum (Linton & Taghon, 2000). 
 
Population fluctuations of C. teleta is present even under conditions where temperature, food 
input and salinity are kept constant. It is shown that densities change due to cyclic fluctuations 
in food available per unit standing biomass (R:B ratio). As the populations increase, there in an 
increase in intraspecific interactions, which results in demographic changes, such as increased 
mortality or decreased fecundity (Grémare et al., 1989). 
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Implications of Settling Time on Dispersal 
The longer time a larva spends in search of an adequate settling site, the more distance it will 
cover. Thereby the potential dispersal area is expanded. This has implications for the species 
as a whole. 
 
Overall species distribution, abundance and densities of Capitella worms are affected by larval 
dispersal, enabling rejuvenation of existing populations, and the discovery and colonization of 
new geographical regions and habitats (Graham & Connolly, 2012). 
 
Additionally, the evolution of C. teleta is impacted by its capacity to disperse by affecting the 
genetic structure of populations through gene flow, which can reduce inbreeding and increase 
gene variation (Graham & Connolly, 2012). For these reasons, evaluating the dispersal potential 
of C. teleta through observation of larval settling time and cues is very meaningful in 
understanding its ecological role as well as grasping the evolution and life-cycle of this still 
poorly understood marine invertebrate.  
Offspring fitness 
Environmental conditions, organic content and resource quantities provided by the mother can 
have dramatic effects on the fitness. Because larvae are free swimming the second they hatch, 
parental investment must take place in the prenatal phase, and is essentially limited to brood 
size as well as the size and quality of the yolk sac (Pernet et al., 2012). 
 
With a given amount of energy available to lecithotrophic larvae of benthic invertebrates, the 
brood outcome can go one of two ways; large, fit larvae are produced in limited quantities or 
small, less fit larvae in large quantities. Under favorable conditions, with high organic content 
(more food) and low competition, it is not necessary to produce large, fit offspring but more 
beneficial to produce a large brood of smaller offspring. Under adverse conditions, such as high 
population density and strong competition, fitter offspring have an advantage, since they are 
strong competitors and can survive for a longer time without food (Blake et al., 2008). 
The Restaurant Hypothesis 
In the case of C. teleta, fitter larvae should be able to delay metamorphosis longer, spending 
more time searching for a suitable habitat. This view is supported by Pernet et al. (2012), who 
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found that artificially decreasing embryo energy content caused C. teleta larvae to 
metamorphose more quickly into smaller juvenile worms. Larval size was unaffected by the 
smaller energy reserve. 
 
This scenario, where a larvae can spend more or less time searching for a habitat depending on 
how “full” they are, is comparable to that of humans searching for a decent restaurant. If very 
hungry, they may select the first dining place they encounter. If less hungry, they may spend 
more time searching for a place which suits their taste. Because of this similarity, we have 
named this idea “The Restaurant Hypothesis”. 
 
The Restaurant Hypothesis includes the following specific hypotheses: 
1. Eggs and therefore larvae produced by mothers kept at high density will be fewer, but 
fitter and slower to settle than larvae kept at low density. 
2. Larvae of different fitness will have different settling time responses. 
a. Fit offspring will take a longer time to settle if subjected to poor organic sediment 
content compared to optimal sediment. 
b. Less fit larvae will be less selective and settle after a near-equal time in both 
optimal and suboptimal sediment. 
Experiments 1 and 2 were designed to test both these hypotheses. 
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Part 2 - Experiments 
This part describes the experimental procedure and results from the three different experiments 
of this project: Experiment 1, Experiment 2 and Experiment 3. 
 
Experiment 1 was the initial experimental design, examining the effect of worm density and 
sediment organic content on larval settling time. It contained 3 setups of parent worms: Control, 
High Density and Poor Sediment, as depicted in figure 3. After two failed attempts (setup 1A 
and 1B) in which the sediment went foul and the worms died, the design was scrapped. 
 
Experiment 2 was a revised design, examining just the effect of higher density on larval settling 
times. It is depicted in figure 4. It experienced progress, but with certain smaller setbacks, and 
results came in too slowly to be shown within the time frame of the project.  
 
Experiment 3 consists of unpublished data provided by Annemette Palmqvist. It was carried out 
externally prior to the beginning of this project. It examines the effects of two organic 
contaminants on larval settling preferences. 
Experiment preparations 
These preparations were common for Experiment 1 and 2, and have hence been given a 
section for themselves. 
Preparation of sediment 
Sediment collected late autumn at Munkholm Bridge, Roskilde Fjord, was sieved down to a 
grain size of < 250 µm (for the Capitella culture) or < 125 µm (for the experiment) by flushing 
through a mesh sieve with demineralised water. After settling, the water was drained off, and 
the now saltless sediment was flushed through with filtered seawater (31 ‰ salt, filtered below 2 
µm) to create a salinity suitable for Capitella growth. The sediment was then frozen to kill off 
unwanted macro- and meiofauna present in the sediment. 
For the stock culture 
Roughly 3L of sediment was sieved to <250 µm with the procedure described above. This 
sediment was intended for the stock culture and was not further processed. 
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For the experiment 
The experiment needed high organic content sediment with high/normal TOM and low organic 
content sediment with roughly half as high TOM. 
 
Roughly 3L of sediment was sieved to <125 µm with the procedure described above. This 
sediment was intended for the experiments. Part of this sediment was treated with hydrogen 
peroxide (H2O2) to remove organic matter. In the subsequent descriptions, we shall refer to this 
as the "Treated" sediment. 
 
The sediment was filtered with the procedure described above. Some sediment was added to a 
glass beaker placed in a cooling water bath. An amount of H2O2 was added, which reacted with 
the organic material, causing foam to develop. During the next several hours, the sediment was 
periodically stirred, causing some degree of renewed foaming. After approximately six hours, no 
extra foaming occurred, even after the addition of minor amounts of H2O2. The sediment was 
left to stand overnight. 
 
To remove the H2O2, the Treated sediment was centrifuged at 2000 rpm for 5 minutes. The 
overlying water was then removed, and the sediment was repeatedly washed with seawater and 
centrifuged. This was done three times in total. 
 
Measurements of the organic content (see below for method) showed (2.8 ±0.54)% TOM in the 
Untreated, (1.28 ±0.27)% TOM in the Treated sediment, both in percentage of dry weight. 
These values are within the normal range for natural sediment. However, with an organic 
content of less than 3% TOM in the rich sediment, the poor sediment would have to have less 
than 1.5% TOM. With organic content that low, there is a chance of delayed reproduction 
(Ramskov and Forbes, 2008), in which case the worms might not reproduce within the time 
frame of the experiment. Hence, the sediment was enriched with a supplement of organic 
matter, to obtain values closer to 3% TOM for the poor sediment, 6% TOM for the rich sediment.  
 
Organic supplement was added to the sediment in the form of cereal flakes (80% rye, 20% oat), 
dried spinach and fish food (Labyrin® - basic multivitamin flakes (Tubifex)). The ingredients 
were ground with a mortar and thoroughly mixed before being added to the sediment. This 
approach for enriching sediment is roughly equivalent to that of Ramskov & Forbes (2008) 
among others, who did it with success. 
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When calculating the amount of supplement to add to the sediment, a value of 92% TOM for the 
supplement was assumed. This corresponds roughly to the value obtained by Ramskov & 
Forbes (2008). 
 
The Untreated sediment was enriched to (6.14±0.2)% TOM, while the Treated sediment was 
enriched to (3.37±0.12)% TOM. 
The stock culture 
Throughout the experiment, a stock culture was kept in an aerated aquarium, containing <250 
µm sediment. As a food supplement, a little sediment of <125 µm was added on top of this. 
Worms used in the experiment were taken from this stock culture.      
Larval settling wells 
For each replicate, a six-roomed multiwell (“Settling well”) was prepared for larval settling, by 
addition of 500 mg WW of Treated or Untreated sediment to each well.  
The settling wells were stored at subzero temperatures until the start of the experiment. When 
needed, settling wells were thawed, and approximately 30 mL of water was added to each well 
and mixed with the sediment. Upon hatching, larvae were transferred to these settling wells, six 
larvae per well. 
Sediment characteristics 
Total Organic Matter 
Total Organic Matter (TOM) was measured as the weight lost through combustion. Small 
samples of well-mixed wet sediment was placed in a set of porcelain crucibles, which had been 
pre-burned in the furnace at 550 °C for at least 12 hours to remove water and organic 
contaminants. Samples were dried in the oven at 105 °C for >20 h, and then put in a furnace at 
550 °C for at least 4 hours to burn off all organic matter. Crucibles were weighed after each of 
these procedures. 
Organic content was calculated as                         
               
    
, where WDry is the 
weight of the dried sediment (excluding crucibles), Wpost-burn is the weight of the sediment after 
burning. 
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CHN-Measurements 
After the sediment had been prepared, measurements were carried out to determine the 
Carbon, Hydrogen and Nitrogen content of the sediment. This was done using a Carlo Erba 
model EA 1110 CHNS element analyzer (CE Instruments), while comparing to standard 
samples of known weight and element contents.  
 
Dry samples of roughly 10 mg were made of each of the four types of sediment used in the 
experiment: the Treated sediment (1.3% TOM); the Untreated sediment (2.8% TOM);  the Poor 
sediment (3.37% TOM) the Rich sediment (6.14% TOM); and the "supplement" (approx. 92% 
TOM) 
 
Samples were placed in tin capsules, which were sealed before adding to the analyser. The 
weight of each sample was noted, to a precision of 1 µm. 
Four replicate samples were added to silver capsules and treated with HCl prior to 
measurements, to remove inorganic carbon from the sediment.  
Parent worm statistics 
Before transfer to the parent beakers, worms were photographed with the dissection 
microscopes (Oplymus SZ61), using the program Cell^D, and the photographs were used to 
calculate the volume of the worms.  
 
The program used made estimates of the length and area of each worm. Individual body volume 
was estimated as    
   
  
, the same method employed by Ramskov & Forbes (2008). 
Results 
Sediment characteristics 
The organic contents, C contents and N contents of the different sediment types can be seen in 
Table 1. 
Table 1: Organic contents of the different sediment, as well as measured intervals. 
 Treated Untreated Poor Rich Supplement 
Organic content  
(% TOM) 
1.3±0.3 2.8±0.5 3.4±0.1 6.1±0.7 N/A 
C content 0.324±0.073  1.08±0.1 2.35±0.1 44.2±10 
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N content 0.0417±0.01  0.131±0.09 0.309±0.094 4.25±0.8 
 
Also measured was the sulfur content, which was 0%  for all samples. 
Experiment 1 
The first setup of the experiment examined the effect of both higher density and lower organic 
content on larval settling times. It included 3 experimental groups: Control, High Density and 
Poor Sediment. The Poor Sediment was adjusted to contain half as much organic matter as 
Control. So if Control contained 0.2 g TOM/worm, both High Density and Poor Sediment would 
contain 0.1 g TOM/worm. 
Setup 1A 
Four replicate beakers were prepared of each of the following groups: 
 
Control (Ctrl): 16.0 mg DW of rich sediment (6.14±0.2% TOM) and 70 mL seawater was added 
to glass beakers of diameter 80 mm. After thorough mixing and settling, the top 30 mL water 
was replaced with clean saltwater. 5 adult worms (3 females, 2 males) were placed in each 
beaker. 
 
High Density (HD): Same setup as Ctrl, but with 10 worms (6 females and 4 males). 
 
Poor Sediment (BAD): Same setup as Ctrl, but with 14.6 g DW poor sediment (3.37±0.12% 
TOM). The amount of sediment was adjusted downwards from 16 g DW to give the worms 
exactly half the amount of organic matter (in g TOM) of the Control group. 
The beakers were covered by perforated parafilm to retard water loss and placed at a constant 
temperature of 17 °C.          
For an overview of the experimental setup, refer to Figure 3. 
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Figure 3: Experimental design of the “parent beakers” in experiment 1A. Numbers inside circles 
represent the number of adult worms in a given beaker. Each beaker had a diameter of 7.6 cm and 
contained 16.0 g DW of sediment (14.6 g DW for BAD) 
 
After 7 days, the water in the beakers had developed a whitish (Ctrl and HD) or oily (BAD) layer, 
the sediment had a foul smell, and the worms were dead. This was assumed to be due to 
anoxic conditions in the beakers, and the experiment was repeated, this time with aeration. 
Setup 1B 
A new experiment was started, with the same basic setup as in 1A, but with each beaker 
aerated with a syringe. Beakers from Ctrl and HD contained 20.0 mg DW of "rich" (6.01±0.25% 
TOM) sediment and 70 mL seawater, while beakers from BAD contained 19.0 mg DW of "poor" 
(3.17±0.19% TOM) sediment and 70 mL seawater. 
 
Five days later, on april the 28th, the worms were once more found dead. The sediment smelled 
less foul than in Experiment 1A, but the water had started to develop a foamy surface, again 
with a hint of white (Ctrl and HD) or an oily shine (BAD). 
Experiment 1: Discussion 
Since the stock culture was kept in the same sediment as was used in the experiment, there is 
little doubt that the supplement of organic matter was what caused the worms to die. This is 
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surprising, since it corresponded roughly to the method used by Ramskov & Forbes (2008). The 
only differences is the type of cereals used (oatmeal and ryemeal, instead of their "baby cereal” 
(Milpo, Milupa A/S)) and the fish food used ("Labyrin - Basic Multivitamin Flakes", rather than 
their "Tetramin - Tetra Werke". The amounts added were within the same range, so it is not due 
to overdosage. To make the Poor sediment, we added only 1.9% supplement. To obtain organic 
contents up to 3% TOM, Ramskov & Forbes (2008) will have added up to 3% supplement.  
Since cereal is described elsewhere (e.g. Dubilier (1988)) as an attractive substrate for C. 
teleta, one might speculate that the foul conditions are caused by the fish food. It is possible that 
this particular fish food should be used in smaller amounts. The fish food was from 2012, so it 
could also simply be considered too old for use. It would be proposed to use fresh food for 
future experiments.  
 
One might suspect the foul, rotten smell to be an indicator of sulfide content in the supplement, 
stimulating a bloom of sulfur bacteria. According to Dando (1988), sulfide contents may be 
detected by smell in as low concentrations as 0.1 µM, and in this case, the smell was obvious. 
By Cuomo (1985), sulfides are lethal to C. teleta at concentrations above 10 µM. However, the 
CHN analysis showed no sulfur present in the supplement, let alone the sediment samples. 
Nevertheless, the smell was reminiscent of the “rotten eggs” smell associated with sulfide.  
Hypoxia conditions are not usually problematic for C. teleta (Tsutsumi, 1990), but a high 
bioavailability of the supplement could have caused a bacterial bloom to use up all the oxygen 
quickly, making for completely anoxic conditions. This view is reinforced by the film that was 
covering the water. Aeration should be able to prevent this problem, yet the problem persisted in 
Experiment 1B. 
 
Before starting experiment 2, we decided to create a “follow-up” beaker by adding the food 
mixture to Untreated sediment without worms and watch its progress in order to determine 
whether or not it was the cause of failure. Within a day, the water looked “chunky” and had 
developed the same film seen in the first experiments. After transferring the worms into beakers 
to mate, we waited six days in experiment 1A and four days in 1B before checking up on their 
progress. In hindsight, this was a bad idea. By conducting daily checkups, we could have 
discovered this issue days in advance. 
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Experiment 2 
We concluded that the enrichment of the sediment was what caused the worms to die, probably 
by stimulating a bloom of bacteria, leading to hypoxic conditions. A new setup was drafted, 
which used only Untreated sediment. 
Experiment 2: Methods 
Experiment 2 had just two experimental groups: Control and High Density. 
 
Control (Ctrl): 15 mg DW of sediment and 70 mL of water was added to beakers with a 
diameter of 6.6 cm, slightly smaller than in Experiment 1. The sediment was allowed to settle, 
and the top 30 mL water was refreshed. Six adult worms were added to this beaker, chosen so 
at least two of them would be female. 
 
High Density (HD): Same beaker was prepared as for Ctrl. To this beaker was added 18 adult 
worms, chosen so at least 6 of them would be female. 
Beakers were placed at a constant temperature of 17 °C. As a safety precaution, they were 
once more aerated. 
From the 7th day onwards, the beakers were emptied and searched for brooding tubes every 
3rd or 4th day. 
For an overview of the experiment: see Figure 4. 
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Figure 4: A graph of the “parent beakers” in experiment 2. Each beaker had a diameter of 6.6 cm and 
contained 15.0 g DW of sediment. Brooding tubes were isolated, and once larvae hatched, they were 
transferred to a settling well with either Treated or Untreated sediment. 
Larval settling 
Every third day4, parent beakers were emptied with a pipette, and the sediment was searched 
for worms with breeding tubes using an SZ61 stereo microscope. Breeding tubes were isolated, 
kept at 17 °C and monitored daily. As soon as the embryos had developed eyes and motility, 
the brood tube was pried open with a pair of dissection needles, and the larvae were transferred 
to larval settling wells, with six larvae in each well. They were then counted at regular, 
increasing intervals (22.5 minutes, 45 minutes, 90 minutes, 3 hours, 6 hours, 12 hours 24 hours, 
and then at 24 hour intervals for the remainder of the experiment). Larvae that weren’t to be 
seen were considered settled. 
Experiment 2: Results 
Worm measurements 
Means of the parent worms in those beakers that gave brooding tubes are shown in Table 2. 
 
Table 2: Mean volumes of the parent worms 
                                               
4
 Later in the process, this was changed to every fourth day. This was deemed safe, as neither brooding 
tubes nor pregnant females were occurring. 
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Beaker Mean volume (mm3) Standard error 
Ctrl1 0.86 0.32 
HD1 0.48 0.054 
HD2 0.50 0.091 
 
The means were compared using a Kruskal-Wallis nonparametric test. It showed that means 
were not significantly different (p=0.34>0.05) 
Parent beakers 
Four days after making the setup, the water was clear, the sediment was perforated by worm 
burrows, and chimney-like tubes were protruding from the sediment. Normal conditions, in other 
words.  
 
The first search for brooding tubes was carried out six days after startup. The first brooding 
tubes were found three days later. A tube was found in HD1, one in HD2, and one in HD4. The 
tube from HD4 had started hatching prematurely and was discarded. The tube from HD1 started 
hatching after 1 day, while the tube from HD2 started hatching after 7 days. 
 
The number of observed swimming larvae in each experiment is plotted in Figure 5. In both HD1 
and HD2, this number may drop and then rise again, indicating an error being made. Assuming 
the “settled and unsettled” larvae were merely overlooked, the settling times will look as in 
Figure 6. 
 
Figure 5: Observed larvae as a function of time.. Note that for HD, the number of swimming larvae seems 
to go up again. Since larvae were easy to miss, This is presumably due to a miscounting. 
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Figure 6: A plot of the settling times of larvae in Ctrl compared to HD.  
Settlement statistics 
A Kolmogorov-Smirnov test showed that, with the exception of except the “HD Untreated” 
group, the samples are not normally distributed (Rejecting the null hypothesis with p<0.05 for 
Ctrl, HD, Untreated, Treated, and combinations of these, but p=0.11 for HD Untreated.) This 
makes a two-factor ANOVA inappropriate. Instead, a Mann-Whitney U-test has been carried out 
on the different combinations. 
 
From visual inspection of Figure 6, there seems to be no significant difference between larvae 
from “Control Untreated” and “Control Treated” sediment. The Mann-Whitney U-test agrees with 
this (pCtrl=0.24>0.05). The Untreated group has a higher mean and upper quartile, but also a 
greater spreading, and there is a strong overlap between the two. There appears to be a 
difference between the two groups from HD, however. This difference is statistically significant, 
with pHD=0.000034<<0.05. There is also a statistically significant overall effect of the organic 
content (pTOM=0.023<0.05) and parent worm density (pdensity=3.6 · 10
-7<<0.05), as well as 
significant differences between Ctrl Untreated and HD Untreated, and between Ctrl Treated and 
Ctrl Treated (p<0.05 for either). 
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Experiment 2: Discussion 
In the second experiment, we decided to not spike the sediment with the food mixture, which 
was the proposed cause of death in experiments 1A and 1B. The worms lived but appeared to 
become weak over time and by the end of the experiment, approximately one-third had died in 
each beaker. See Table 3. 
 
Table 3: Start date was 01/05, count day started 15/05. Total loss average- 32%. Total loss average of 
ctrl group- 25%. Total loss average hd group- 39%. Bold numbers represent an increase of worms 
compared to the previous day (probably due to a miscounting). 
 01/05 15/05 19/05 22/05 Total loss (%) 
ctrl 1 6 5 5 4 33% 
ctrl 2 6 6 6 6 0% 
ctrl 3 6 6 5 4 33% 
ctrl 4 6 8 7 4 33% 
hd 1 18 16 11 15 ~28% 
hd 2 18 15 14 13 28% 
hd 3 18 11 14 8 55% 
hd 4 18 18 16 10 44% 
 
 
Worms that appeared weak were sluggish, lacking fecal pellets (starved) or missing body parts. 
When the C. teleta feels threatened or in danger, they shed their tails in order to escape the 
“predator”. It wasn't uncommon to find shed tails throughout the experiment, probably caused by 
rough handling. Our assumption is that the worms became weak due being continuously 
handled every three days, perhaps being handled too roughly, or that they were unhealthy to 
begin with. By the end of the experiment we also observed a large amount of fecal pellets which 
could also have had an adverse effect on the worms. 
 
The weakening/dying worms could explain the severe deficiency in brooding tubes. Ramskov & 
Forbes (2008) found approximately 1 brooding tube per female per week under under 
conditions between 1% and 3% TOM. The frequency of reproduction was not much affected 
until a threshold TOM of <0.75% was reached, under which they did not reproduce at all.  Going 
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by these standards we expected to find at least 24 brooding tubes per HD beaker and 8 
brooding tubes per Control beaker over the course of the experiment. However, we found two 
brooding tubes with eggs from the double density beakers and very late in the project we found 
one brooding tube from the control group, which just finished its settling test the day before the 
project’s deadline.  There was some confusion among group members as to how to properly 
identify brooding tubes and eggs. Brooding tubes should appear “Y” shaped and have a higher 
content of sand grains as opposed to mixed sediment matter to ensure structural security. The 
brooding tubes that were found were constructed of sand grains but were not in a Y-shape, and 
often Y-shaped, sand constructed tubes were found without the presence of eggs or egg 
carrying females. Additionally, it was difficult to distinguish between white sand grains and eggs. 
The lack of certainty could explain possibly overlooking brooding tubes and not conducting a 
thorough enough search.   
 
The relationship between resources and quantity of eggs is proportional, as with more 
resources the female will produce more eggs, with the upper limit being observed to be about 
400 (Grassle & Grassle, 1976).These reproductive responses to food availability are attributed 
to Capitella teleta being an opportunistic species which has evolved specialised vitellogenic 
pathways enabling rapid conversion of food to production of high energy-stored eggs 
(Eckelbarger, 1994). 
 
The results obtained align with the view that Capitella Teleta is an opportunistic species. When 
each worm has sufficient food in the beginning of colonizing a new habitat (when the population 
is not very dense), they will produce many larvae who need to spend less time settling want to 
stay close to the source with the abundance of food. Then, once food runs out, the females 
ensure that any worms they produce now have a bigger supply of yolk deposition, allowing them 
to forage further and colonize new habitats. 
 
All things considered, it is unclear what caused the poor health in the worms. A significant 
proportion of the worms died over the course of the experiment and the surviving ones 
appeared to us to become progressively more feeble in their movements and behavior. The 
source of the ill health is hard to pinpoint but several guesses can be made. Firstly, the 
disturbance caused by our continuously removing them from and replacing them back into their 
beakers might have worn them down, as our handling of them was carried out in a manner 
which was rough and disruptive to their lives. Their being handed every few days and may have 
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been insufficient time for them to rest, recover and reorient themselves. However there is no 
literature to suggest the handling was excessive to them physically. Secondly, it is a possibility 
that the aeration syringes were not placed properly within the beakers. At times, the syringes did 
not hit the water surface, and this would result in a lack of oxygen circulation, whereas if the 
syringes were placed too deeply within the beakers, it would cause a disturbance in the 
sediment, which could disrupt the formation of burrows and feeding processes. 
 
Thus perhaps the most odd result of the experiment was the absence of any eggs in 
populations in organic contents considered generous and beyond optimal by Ramskov & Forbes 
(2008) to achieve a “normal” reproductive cycle. While our experiments provide evidence that 
sediment organic content influences reproduction dynamics of Capitella worms, the extent to 
which conclusions can be drawn from our experiments is unclear due to the shortage of results. 
 
Another odd result is the settling and hatching times. According to, among others, Cuomo 
(1985), larvae are ready to metamorphose immediately after leaving the brooding tube, given a 
suitable cue. In this case, however, many larvae from the HD beakers did not settle in the 
Untreated sediment until several days after the start of the experiment. The larvae from the one 
brooding tube found in the control beakers took significantly less time to settle in Untreated 
sediment, indicating that the extremely long settling time of the HD larvae could, in part, be 
explained by their better fitness. 
 
It is possible that larvae were transferred to the sediment prematurely. Settling experiments 
were started as soon as the embryos had developed eyes and motility. According to Dubilier 
(1988), embryos gradually mature over 5-6 days, gaining larval characteristics. This may imply 
that our “larvae” were in fact immature embryos, not ready for metamorphosis. Even so, the 
larvae did not begin settling into the Untreated sediment until one week after transfer, long after 
they had gained the larval characteristics. This indicates that the sediment was unsuited to 
induce the larvae to settle, or that too little sediment was present. Only 500 mg WW of sediment 
was present in each settling well. Possibly the sediment, or the plastic multiwells, contained 
some substance which is toxic to C. teleta, which gave larvae a negative settling cue.  
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Experiment 2: Conclusion 
The results were obtained from only three brooding tubes, but they do offer some evidence to 
support our Restaurant Hypothesis. Larvae from HD settled more slowly than larvae from Ctrl, 
especially for those settling in Treated rather than in Untreated sediment, suggesting that Ctrl 
larvae cared less about the sediment type they were settling in.  
 
In the statistical analysis, individual larvae were treated as “replicates”, which may be why the 
results showed a low statistical significance, which indicates a dissimilarity between the HD and 
control groups. Since the larvae came from just three brooding tubes in total, it would be more 
reasonable to have treated them as three replicates, or at least to treat each settling well with 
six larvae as one replicate. This means the very significant results are probably misleading. 
However, they point to the general difference in the settling times between the groups, which is 
in agreement with the Restaurant Hypothesis. 
 
Upon retrospection on the problems experienced throughout the project, all signs point towards 
a problem of some sort with the sediment. The fact that the larvae were not settling in the 
Untreated sediment much sooner than in the Treated sediment, and that the parent worms were 
dead or dying in all trial groups, indicates that the Untreated sediment was not optimal for 
inducing larval settling. That is, there must have been a vital settling cue missing, or that the 
sediment was inadvertently toxic, giving the larvae a negative settling cue. 
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Experiment 3 
Experiment 3: Methods 
Sediment 
Sediment was collected from Roskilde Fjord and sieved to a particle size of <125 µm, just as 
described for Experiment 1. Part of the sediment was treated with hydrogen peroxide to give a 
lower organic content. The obtained organic content (measured as weight lost through 
combustion) was 6% TOM and 2.2% TOM, respectively. Sediment of either type was spiked by 
addition of 50 µg AC/g DW or 100 µg DW of Flu.  
This gave a total of four combinations for each contaminant, see Table 4. 
 
Table 4: The different sediment types; combining high or low organic matter with the presence or 
absence of a contaminant. 
-contaminant +contaminant 
HO- HO+ 
LO- LO+ 
 
Setup 
Six setups were made, with three replicates for AC, three for Flu. In each replicate, petri dishes 
containing 0.5 g DW of sediment were placed in a small (25 x 25) aquarium, in a latin square 
arrangement (see table 5). The petri dishes and the aquarium were filled with filtered seawater 
(32‰ salt), and the experiment was started with the addition of 500 newly hatched larvae of C. 
teleta into the water column. It was covered with a lid to hinder water loss, then left for 24 h in 
darkness. The setup is shown on Figure 7. 
 31 of 39 
 
Figure 7: The experimental setup. 3 aquariums identical to this one were set up for both the Flu and AC 
contaminants. There were 4 treatment types, each in 4 replicates. Picture provided by Annemette 
Palmqvist. 
 
After 24 hours, the experiment was terminated by putting a lid on the individual petri dishes, 
then draining the water (including any unsettled larvae) from the aquarium. For each petri dish, 
the sediment was removed. Sediment samples were dyed with Rose Bengal, and juvenile 
worms were counted under a dissection microscope. 
 
Table 5: Latin square arrangement. The different types of beakers are mixed in a mosaic fashion, while 
all sediment types are represented in every row and column.  
1 2 3 4 
2 3 4 1 
3 4 1 2 
4 1 2 3 
 
Experiment 3: Results 
Table 6 shows results from experiment 3. The numbers shown are all observed larvae in each 
type of dishes. For example, the 115 in HO- of the AC experiment were distributed in the four 
HO- dishes. Figure 8 shows these results in a boxplot.  
Table 6: Results from experiment 3. Identical dishes are summed together. HO and LO indicate high and 
low organic content, respectively, and +/- indicate whether contaminants were present or not. 
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AC 
 
Replicate 
aquarium 
Treatment 
type 
# settled 
1 HO- 115 
1 HO+ 86 
1 LO- 90 
1 LO+ 24 
2 HO- 109 
2 HO+ 35 
2 LO- 42 
2 LO+ 17 
3 HO- 121 
3 HO+ 49 
3 LO- 81 
3 LO+ 47 
 
Flu 
 
Replicate 
aquarium 
Treatment 
type 
# settled 
1 HO- 85 
1 HO+ 29 
1 LO- 195 
1 LO+ 52 
2 HO- 74 
2 HO+ 30 
2 LO- 189 
2 LO+ 76 
3 HO- 81 
3 HO+ 40 
3 LO- 133 
3 LO+ 58 
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Figure  8: Boxplot of the experiment with Acetyl cedrene (left) and fluoranthene (right) 
Experiment 3: Statistical analysis 
To compare the different groups of experiment 3, a two-factor Analysis of Variance (ANOVA) 
was carried out, using the program SPSS Statitics. This was done separately for AC and Flu. 
Acetyl Cedrene (AC) 
A Kolmogorov-Smirnov-test showed that data was normally distributed for all four treatments 
(accepting the null hypothesis with p>0.200), but Levene’s Test showed that the variance was 
different between the groups (rejecting the null hypothesis with p>0.133). This makes the two-
factor ANOVA inappropriate. Instead a Mann-Whitney U-test was used to determine variance 
between the groups. 
Means of the four setups can be seen in Table 7. 
 
Table 7: A table showing means of the four setups of AC, as well as standard errors and confidence 
intervals. Obtained from SPSS Statistics 
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From Table 7, Notice that HO has a higher average settling number (with or without AC) than 
LO, indicating that larvae prefer higher organic content. There is a statistically significant 
difference between HO- and LO- (p=0.05),  but not between HO+ and LO+ (p=0.13>0.05) or 
between HO and LO overall (pTOM=0.78>0.05).  
Notice also that - has a higher average settling number than +, indicating that larvae prefer 
sediment without AC. This is statistically significant, with pAC=0.026<0.05), yet not so within LO. 
That is, there is a significant difference between HO- and HO+ (p=0.05), but not between LO- 
and LO+ (p=0.13>0.05).   
Fluoranthene (Flu) 
A Kolmogorov-Smirnov-test showed that data was normally distributed for all four treatments 
(accepting the null hypothesis with p>0.200 for OH, LO and +, p=0.185 for -). Levene’s Test 
showed that the variance was similar between the groups (accepting the null hypothesis with 
p>0.05). Since the variance was different, a two-factor ANOVA is appropriate. Means of the four 
setups can be seen in table 8. 
Table 8: A table showing means of the four setups of Flu, as well as standard errors and confidence 
intervals. Obtained from SPSS Statistics 
 
Notice that, in this case, LO has a higher average (in both cases) than HO. That is, larvae prefer 
settling in lower organic content. This is statistically significant, with pTOM=0.00049 <<0.05. An 
effect of the organic contaminants is also seen, where larvae prefer to settle in uncontaminated 
sediment (pFlu=0.000084). There also seems to be an interaction between the two factors 
(pFlu*AC=0.019).  
      
     
    
   
Experiment 3: Discussion 
The untreated sediment (HO) was found to have 6.0% TOM. This is more than twice as high as 
the 2.8% TOM measured in the untreated sediment of Experiment 1 and 2. This difference is 
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most likely due to the time of year that sediment was collected. Sediment for Experiment 3 was 
collected during summer, while sediment for Experiment 1 and 2 was collected during winter. 
Although C. teleta is very resistant to Flu (Linke-Gamenick et al., 2000) this resistance comes at 
the cost of a decreased growth rate. Hence, if larvae can detect the hydrophobic contaminants, 
larval preference should be the uncontaminated sediment. In this experiment, larvae appeared 
to respond negatively to both AC and Flu, providing evidence for this hypothesis. 
 
Furthermore, in the Flu experiment, an interaction was seen between the effect of organic 
matter and the effect of Flu contamination. The effect of Flu in the sediment appeared to be 
stronger in LO than in HO sediment. The biological meaning of this could be that the presence 
of Flu confuses the larvae enough that they do not recognise the usual settling cues of the 
sediment. 
 
What is surprising is that larvae appeared to prefer the LO sediment in the Flu experiment. This 
result is significant, but very counter-intuitive, since Capitella needs the sediment organic 
content to grow. It is also contrary to what has been found by (among others) Cohen & 
Pechenik (1999), and contrary to what was observed in the AC experiment. Although LO- and 
HO- are identical (with the same sediment) between the two experimental setups, larval 
preference is highest for HO- in 3AC, but highest for LO- in 3Flu.  
 
One implication would be that HO and LO were accidentally exchanged between the two 
experiments, and that this persisted through all three replicates in the Flu experiment. There is 
no indication of this from the assistant who carried out the experimental work. Another 
explanation would be that the Flu compound could dissolve in the water and confuse the larvae 
enough to completely invert their settling preferences. 
 
Further experimentation is called for, to see if the results can be replicated. 
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Experiment 3: Conclusion 
The experiment showed that, for both contaminants, larval preference is for uncontaminated 
sediment. However, in the experiment with Acetyl Cedrene, the preference is for high organic 
content, while in the experiment with Fluoranthene, the preference is for low organic content.  
The latter result is very unexpected, and further experimentation is called for, to see if it can be 
replicated. 
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